Abstract. Spectroscopic observations of hot stars belonging to the young cluster LMC-NGC 2004 and its surrounding region were carried out with the VLT-GIRAFFE facilities in MEDUSA mode. We determine fundamental parameters (T eff , log g, Vsin i, and radial velocity), for all B and Be stars in the sample thanks to a code developed in our group. The effect of fast rotation (stellar flattening and gravitational darkening) are taken into account in this study. We also determine the age of observed clusters. We compare the mean Vsin i obtained for field and cluster B and Be stars in the Large Magellanic Cloud (LMC) with the ones in the Milky Way (MW). We find, in particular, that Be stars rotate faster in the LMC than in the MW, in the field as well as in clusters. We discuss the relations between Vsin i, metallicity, star formation conditions and stellar evolution by comparing the LMC with the MW. We conclude that Be stars begin their Main Sequence life with an initial rotational velocity higher than the one of B stars. It is probable that only part of the B stars, with a sufficient initial rotational velocity, can become Be stars. This result may explain the differences in the proportion of Be stars in clusters with similar ages.
Introduction
The study of physical properties of B stars with respect to the relative frequency of Be stars in young open clusters and their surrounding field can provide important insights into the origin of the Be phenomenon. Indeed, our knowledge of mass-loss conditions, which lead to the formation of an anisotropic envelope around a fraction of B stars, is still very poor. Several physical processes could be involved, such as rapid rotation, non-radial pulsations, magnetic fields, evolutionary effects, binarity... Although the Be phenomenon has frequently been considered as a rapid rotation-related phenomenon in OB stars, it is not yet established whether only a fraction or all of the rapidly rotating early-type stars evolve into Be stars.
Several recent studies tackled the major question of the influence of metallicity and evolution on rapid rotators. The Be phenomenon could be favoured in stars of low metallicity (Maeder et al. 1999) . Preliminary results by Royer et al. (2004) could confirm this metallicity effect, although they use limited stellar samples. The appearance of the Be phenomenon
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Correspondence to: christophe.martayan@obspm.fr could also depend on stellar ages (Fabregat & Torrejón 2000) . Accounting for the effects of fast rotation and of gravitational darkening, Zorec et al. (2005) concluded that Be stars spread over the whole Main Sequence (MS) evolutionary phase. However, they find that in massive stars the Be phenomenon tends to be present at smaller τ τ MS age ratios than in less massive stars. Moreover, Keller (2004) found that young clusters host more rapid rotators than their surrounding field. This assessment is valid for the LMC, as well as in the Galaxy. A similar trend was found by Gies & Huang (2004) from a spectroscopic survey of young galactic clusters.
Up to now, spectroscopic surveys were only obtained with a resolution power R<5000 and/or a low signal to noise ratio (S/N). The new instrumentation FLAMES-GIRAFFE installed at the VLT-UT2 at ESO is particularly well suited to obtain high quality spectra of large samples needed for the study of stellar populations. Thus, we have undertaken the determination of fundamental parameters for a large sample of B and Be stars in regions of different metallicity: (i) to check whether the low metallicity favours the formation of rapid rotators and in particular of Be stars; and (ii) to investigate the evolutionary status of Be stars. In a first paper (Martayan et al. 2005, hereafter Paper I), we reported the identification of numerous B-type stars, the discovery of new Be stars and spectroscopic binaries in the young cluster LMC-NGC 2004 and its surrounding field with the help of medium resolution spectra obtained with the FLAMES instrumentation. The present paper deals with fundamental parameters and evolutionary status of a very large fraction of those objects, taking into account rotational effects (stellar flattening, gravitational darkening) when appropriate.
Observations
This work makes use of spectra obtained with the multifibre spectrograph VLT-FLAMES in Medusa mode (132 fibres) at medium resolution (R=6400) in setup LR02 (396.4 -456.7 nm) . Observations (ESO runs 72.D-0245B and 73.D-0133A) were carried out in the young cluster LMC-NGC 2004 and in its surrounding field, as part of the Guaranteed Time Observation programmes of the Paris Observatory (P.I.: F. Hammer). The observed field (25 ′ in diameter) is centered at α(2000) = 05h 29m 00s and δ(2000) = -67
• 14 ′ 00 ′′ . Besides the young cluster NGC 2004, this field contains several high-density groups of stars (KMHK 943, 971, 963, 991, 988 and BSDL 2001) . Spectra were obtained on November 24, 2003 and April 12, 2004 ; at these dates, the heliocentric velocities are smaller than 1.5 km s −1 . The strategy and conditions of observations, as well as the spectra reduction, are described in Paper I. A significant sample of the B stars population (168 objects), 6 O and 2 A stars were observed during the two observing runs. Since the V magnitude of the selected targets ranges from 13.7 to 17.8 mag, we chose a 2-hour integration time. This corresponds to an average S/N ≃ 120, with individual values ranging from ∼20 to ∼150 for the fainter and brighter stars, respectively.
The colour diagram V versus B-V ( Fig. 1) , derived from our instrumental photometry, shows the B and Be stars in our sample compared to all the stars in the EIS-LMC 33 field. Several stars present a strong reddening and are mainly located either in the clusters NGC 2004, KMHK 943, KMHK 971, 'unknown2' and in the galactic open cluster HS 66325, either at the periphery of the H  region LHA 120-N51A, or in the field, but without explicit link between all these regions. The locations of the observed O, B and A-type stars are shown in the LMC 33 field from the EIS pre-FLAMES survey (Fig. 2) .
Finally, among the 124812 stars which we have listed in the EIS LMC 33 field, our pre-selection with photometric criteria gives 1806 B-type stars. And we have observed 177 Btype stars among the 1235 B-type stars which are observable in the VLT-FLAMES/GIRAFFE field. The ratio of observed to observable B-type stars represents 14.3%. Consequently, this sample is statistically significant.
Fundamental parameters determination
One important step in the analysis of the data collected with FLAMES is the determination of the stellar fundamental parameters. In order to derive the effective temperature (T eff ), surface gravity (log g), projected rotational velocity (Vsin i) and radial velocity (RV) in an homogeneous and coherent way for the whole stellar sample, we use the GIRFIT least squares procedure, which is able to handle large datasets and was previously developed and described by Frémat et al. (2005a) . GIRFIT fits the observations with theoretical spectra interpolated in a grid of stellar fluxes computed with the SYNSPEC programme and from model atmospheres calculated with TLUSTY (Hubeny & Lanz 1995 , see references therein) or/and with ATLAS9 (Kurucz 1993; Castelli et al. 1997) . It accounts for the instrumental resolution through convolution of spectra with a Gaussian function and for Doppler broadening due to rotation. Use is made of subroutines taken from the ROTINS computer code provided with SYNSPEC (Hubeny & Lanz 1995) . It is worth noting that the spectra obtained in this way do not take into account the second order effects of fast rotation (stellar flattening and gravitational darkening), which are expected to be strong in Be stars. To introduce these effects in our discussion, stellar parameters are corrected afterwards by adopting a grid of synthetic stellar spectra computed by Frémat et al. (2005b) with the FASTROT computer code assuming a solid-body-type rotation. In the following sections, the terms 'apparent' and 'parent non-rotating counterpart' (pnrc) are used as defined by Frémat et al. (2005b) .
We introduce in the following sections the grid of model atmospheres (Sect. 3.1) we use, the fitting criteria we adopt in the GIRFIT procedure (Sect. 3.2) and the corrections for fast rotation we apply on the Be stars' fundamental parameters (Sect. 3.4). The calibrations that allow us to estimate the spectral type of each non-Be target from the equivalent width of the hydrogen and helium lines are detailed in Sect. 3.3. Field EIS-LMC33, with NGC2004 in the LMC Fig. 1 . Instrumental V versus instrumental (B-V) colour diagram from our photometry in the EIS LMC 33 field. The '.' symbols correspond to all stars in this field. '*' show the Be stars, '+' the O-B-A stars and 'x' the binaries in the sample. Several stars in this sample have a strong reddening, they are located mainly in clusters, and in the H  region LHA 120-N51A.
Grid of model atmospheres
The models we use to build the GIRFIT input grid of stellar fluxes are computed in two consecutive steps. To account in the most effective way for line-blanketing, the temperature structure of the atmospheres is computed using the ATLAS9 computer code (Kurucz 1993; Castelli et al. 1997) . Non-LTE level populations are then estimated for each of the atoms we consider using TLUSTY (Hubeny & Lanz 1995) and keeping fixed the temperature and density distributions obtained with ATLAS9. Table 1 lists the ions that are introduced in the computations. Except for C , the atomic models we use in this work were downloaded from TLUSTY's homepage (http://tlusty.gsfc.nasa.gov) maintained by I. Hubeny and T. Lanz. C  is treated with the MODION IDL package developed by Varosi et al. (1995) and the atomic data (oscillator strengths, energy levels, and photoionization cross-sections) from the TOPBASE database (Cunto et al. 1993) . It reproduces the results obtained by Sigut (1996) .
In this way, and for each spectral region studied in the present work, the specific intensity grids are computed for effective temperatures and surface gravities ranging from 15000 K to 27000 K and from 2.5 to 5.0 dex, respectively. For T eff < 15000 K and T eff > 27000 K we use LTE calculations and the OSTAR 2002 NLTE model atmospheres grid (Lanz & Hubeny 2003) , respectively.
The metallicities of the model atmospheres are chosen to be as close as Table 3 ). The Kurucz and OSTAR 2002 models we use are therefore those calculated for [m/H]= −0.5. Finally, the complete input flux grid is built assuming the averaged element abundances derived by Korn et al. (2002) for C, N, O, Mg, Si, and Fe. The other elements, except hydrogen and helium, are assumed to be underabundant by −0.45 dex relative to the Sun.
3.2. The GIRFIT procedure: fitting criteria and continuum level
The procedure we adopt to derive the stellar fundamental parameters mainly focuses on the spectral domain ranging from 4000 to 4500 Å, which gathers two hydrogen lines (Hγ and Hδ),8 strong helium lines (He  λ 4009, 4026, 4121, 4144, 4169, 4388, 4471 and He  λ 4200) and several weak lines of silicon and carbon. The χ 2 parameter is computed on different spectral zones generally centred on these temperatureand gravity-sensitive diagnostic features. However, due to the moderate spectral resolution and frequent high apparent rotational velocities of targets, other criteria such as those based on silicon lines cannot be used. Furthermore It is worth noting that even the He /H  line ratios used to estimate T eff and log g values are less accurate for early B-type stars (B1-B0) than for later types, the simultaneous fit of several hydrogen and helium line-profiles enables us to obtain the sought stellar parameters quite easily, within the error boxes given in Table  2 (see also Fig. 1 in Frémat et al. 2005b ). In the most dubious cases, the overall agreement between observed and synthetic spectra was checked over the complete spectral range.
In Be stars, which often display circumstellar emission/absorption in their spectra, the zones are further defined to exclude any part of the spectral lines that could be deformed by line emission or shell absorption (e.g. hydrogen line cores). Note that, as the parameters derived for Be stars at this stage of the procedure do not take into account the effects of fast rotation (see Sect. 3.4), they will be further called apparent fundamental parameters.
During the spectra fitting procedure, 4 free parameters are considered: the effective temperature, the surface gravity, the projected rotational velocity and the radial velocity. To reduce as much as possible the impact of noise on the location of the stellar continuum, we also include a fifth parameter standing for the wavelength-independent ratio (i.e. a scaling factor) between the mean "flux" level of the normalized observed and theoretical spectra. Assuming a Poisson noise distribution to compute a reference spectrum, Fig. 3 shows how the derived fundamental parameters can be affected by a decrease of S/N, while Table 2 lists the averaged absolute errors on the fundamental parameters expected for different values of S/N. For each star of the sample, we repeat the GIRFIT procedure several times with different fitted zones and initial parameters values in order to scan the complete space of solutions. The solutions we finally select are those with the lowest χ 2 recomputed over the same wavelength range: the whole spectrum for O, B, and A-type stars without emission, and only the blue part of the spectrum (4000-4250 Å) for Be stars in order to avoid, as much as possible, the influence of line emission in the hydrogen lines. After a final visual check of the adjusted spectra, the RV determinations obtained at the end of the GIRFIT procedure are compared to the values directly measured on the observations. If this ultimate verification is successful, the process stops. Otherwise, the fitting spectral zones are modified and the procedure is restarted. Examples of fitted spectra, for a B, an O-B and a Be star are given in Fig. 4 .
Following Bouret et al. (2003) , who used the same atomic data, there is no difference between fits obtained with TLUSTY-SYNSPEC (Hubeny & Lanz 1995) and with the CMFGEN code (Hillier & Miller 1998) , which takes into account not only NLTE effects and line-blanketing but also a wind model with mass loss. This effect is present in O stars, but is not critical for B-type stars. Bouret et al. (2003) presented several fits for their sample of O and B stars and obtained similar apparent fundamental parameters with these two codes for early B-type stars. This study validates our choice of code for determining the fundamental parameters of B stars.
Spectral classification determination
The spectral type and luminosity class of the B-type stars we observed are determined in two different ways. First, we use an iterative method we developed, which has the advantage of being fast and easy to use. We estimate the spectral type from the equivalent width of the Hγ line by assuming, in a first step, that our sample is only composed of dwarf stars. The spectral type is combined with the equivalent width of the He  4471 line to derive, in a second step, the luminosity class, which is then used to rederive the spectral type. Several iterations are required to obtain a combination of spectral type/luminosity class fully coherent with the equivalent widths of the selected lines (Hγ and He  4471). The equivalent width calibrations we adopt in this procedure are those proposed by Azzopardi (1987) and Jaschek & Jaschek (1995) for Hγ and by Didelon (1982) for the He  4471 line. The second method transcribes the set of fundamental parameters we derived by fitting the observed spectra into spectral type and luminosity class, with the help of effective temperature and surface gravity calibrations given by Gray & Corbally (1994) and Zorec (1986) for B stars, and by Bouret et al. (2003) for hotter stars.
The differences in the results provided by these two methods are, on average, half a spectral subtype and half a luminosity class for stars between B0 and B5, affecting both the equivalent width measurements and the derived stellar fundamental parameters. However, the first method fails to give a reliable spectral classification for the few hotter (late O) and cooler (B5-A0) stars in the sample. Moreover, for Be stars, the spectral classification determination is only performed using the derived apparent fundamental parameters (second method), since the emission contamination, often present in Hγ and in several cases in the He  4471 line, makes the first method particularly inappropriate for early Be stars.
Effects of fast rotation
As mentioned in the introduction, Be stars are fast rotators with angular velocities probably around 90% of their breakup velocity (Frémat et al. 2005b) . It is further expected that solidbody-type fast rotation flattens the star, which causes a gravitational darkening of the stellar disk due to the variation of the temperature and density distribution from pole to equator. For Be stars, we therefore have to account for these effects on the stellar spectra and, consequently, on the determination of the fundamental parameters. In the present paper, these effects are introduced as corrections directly applied to the apparent fundamental parameters we derived. These corrections are computed by systematically comparing a grid of spectra taking into account the effects of fast rotation obtained with the FASTROT code for different values of pnrc (i.e. parent nonrotating counterpart) stellar parameters (T o eff , log g o , Vsin i true ) and of angular velocity (Ω/Ω c , where Ω c is the break-up angular velocity) to a grid of spectra computed using usual planeparallel model atmospheres. Adopting the same spectroscopic criteria than those described in Section 3.2 (i.e. hydrogen and helium lines), we obtain different sets of pnrc and apparent stellar parameters (T eff , log g, Vsin i). The corrections we apply to the apparent stellar parameters of the Be stars in the sample (Section 3.2) are interpolated in this grid using an iterative procedure. Generally, only a few iterations are needed (to reach differences smaller than 500 K for T eff and 0.05 dex for log g) to obtain the final pnrc parameters for a given Ω/Ω c . The radius, mass, and luminosity of the non-rotating stellar counterparts are estimated by (T o eff ; log g o )-interpolation in the theoretical evolutionary tracks (Charbonnel et al. 1993 ).
Results
In this section we present the results on stellar parameters and spectral classification determination we obtain as described in Sect. 3 for non-emission line O-B-A stars, for Be stars, and for some spectroscopic binary systems. The α(2000) and δ (2000) coordinates, the instrumental V magnitude and the instrumental (B-V) colour index for individual stars are extracted from EIS pre-FLAMES (LMC 33) survey images, as reported in Paper I. The S/N we measure in the spectra may differ for objects with the same magnitude depending either on the position of the fibres within the GIRAFFE field, either on transmission rate differences, or on the presence of clouds partly obscuring the observed field (the field of GIRAFFE has a 25 ′ diameter on the sky). All these informations are given in Tables 3, 7, and 6 for the different groups of stars mentioned above, respectively.
O-B-A stars

Fundamental parameters of O-B-A stars
Early-type stars that do not show intrinsic emission lines in their spectrum and have not been detected as spectroscopic binaries are listed in Table 3 sorted by their MHF catalogue number. Moreover, three stars with a KWBBe name, reported as Be stars by Keller et al. (1999) but not confirmed or in a temporary B phase at epochs of VLT/FLAMES observations, are added at the end of the Table. The fundamental parameters T eff , log g, Vsin i, and RV obtained by fitting the observed spectra, as well as the spectral classification deduced on one hand from T efflog g plane calibration (CFP determination, method 2) and on the other hand from equivalent width diagrams (CEW determination, method 1), are reported in columns 7, 8, 9 and 10, respectively. As the heliocentric velocities are smaller than 1.5 km s −1 and the mean error on RV are 9-10 km s −1 , we do not correct RV from the heliocentric velocity.
Luminosity, mass, and radius for O-B-A stars
Once the fundamental parameters of O, B, and A stars are known, to derive their luminosity, mass and radius, we interpolate in the HR-diagram grids calculated for the LMC metal- Table 3 . Parameters for O-B-A stars that need no corrections for fast rotation. KWBBe names from Keller et al. (1999) or our MHF catalogue numbers are given in col. 1. Coordinates (α(2000 Coordinates (α( ), δ(2000 ) are given in col. 2 and 3. The instrumental V magnitude and instrumental (B-V) colour index are given in col. 4 and 5. The S/N ratio is given in col. 6. In col. 7, 8, 9 and 10, T eff is given in K, log g in dex, Vsin i and RV in km s −1 . 'CFP' is the spectral type and luminosity classification determined from fundamental parameters (method 2), whereas 'CEW' is the spectral type and luminosity classification determined from EW diagrams (method 1). In the last column some complementary indications on the spectrum are given: 'He ' when the line at 4200 Å is observed, 'bin' in case of suspected binary, 'not Be' for a Be star suspected by Keller et al. (1999) but not seen as a Be star in our study. The last column also gives the localization in clusters: cl0 for NGC 2004 (05h 30m 42s -67
• 17 ′ 11 ′′ ), cl1 for KMHK 988 (05h 30m 36.5s -67
• 11 ′ 09 ′′ ), cl2 for KMHK 971 (05h 29m 55s -67 Korn et al. 2002 , Rolleston et al. 1996 and for stars without rotation in Charbonnel et al. (1993) .
In order to justify the use of non-rotating models, we estimate the mean radius, mean mass and mean Vsin i in various mass bins (e.g. 5 < M < 7 M⊙, 7 < M < 9 M⊙, etc). We then obtain a mean equatorial velocity for a random angle distribution using:
where <Vsin i app. > is the mean Vsin i app. . We calculate the critical velocity with the classical formula:
where <M> and <R> are the mean mass in M ⊙ and mean radius in R ⊙ . This gives the V e /V c ratio, and we can then obtain Ω/Ω c thanks to formulae taken from Chauville et al. (2001) :
For B stars <Vsin i app. > is close to 110 km s −1 , thus V e /V c ≃ 27% and Ω/Ω c ≃ 37%. As the effects of fast rotation appear for Ω/Ω c > 50% (Zorec et al. 2005 ), we do not need to correct B stars for fast rotation effects except for 9 of them which have a strong Vsin i.
We obtain in this way the luminosity, mass and radius of most O, B and A stars of the sample (see Table 4 ). The position of these stars in the HR diagram is shown in Fig. 5. 
Corrections for rapidly rotating B-type stars
The 9 B-type stars MHF57079, MHF57975, MHF95555, MHF98629, MHF106613, MHF107458, MHF116094, MHF131188, and KWBBe1169 have a high rotational velocity, although they do not show emission lines as Be stars. The star KWBBe1169 was previously observed like a Be star by Keller (1999) but, in our observations, it does not show any emission. This could be due to the transient nature of the Be phenomenon. Results on fundamental parameters taking into account fast rotation effects are given in Table 5 and Fig. 5 . The total number of Be stars in the sample is 47. It includes 22 known Be stars, called KWBBe in Keller et al. (1999) , for which the Hα emissive character has been confirmed, and 25 new Be stars reported in Paper I and called MHFBe. For a description of the emission line characteristics of these stars we refer to Paper I. The apparent fundamental parameters (T app.
eff , log g app. , Vsin i app. , and RV) we derive in a first step for these stars are reported in Table 7 . The spectral classification derived from apparent fundamental parameters is also given in the last column of the Table. Without correction for fast rotation nearly all Be stars would have a sub-giant or giant luminosity class. The apparent position of Be stars in the HR diagram compared to B stars is also shown in Fig. 5. 
Rapid rotation corrections for Be stars
The pnrc (i.e. parent non rotating counterpart) fundamental parameters (T o eff , log g o , Vsin i true ) we obtain after correction with FASTROT (see Sect. 3.4) are given in Table 8 for different rotation rates Ω/Ω c . We estimate the rotation rate Ω/Ω c to be used for the selection of the probable most suitable pnrc fundamental parameters of Be stars in the LMC thanks to the equations mentioned above. We obtain V e /V c ≃ 70% and Ω/Ω c ≃ 85% on average. As for O-B-A stars and with the pnrc fundamental parameters corresponding to the rotation rate Ω/Ω c = 85%, we Table 4 . Parameters log(L/L ⊙ ), M/M ⊙ and R/R ⊙ interpolated or calculated for our sample of O-B stars and for several SB1 from HR diagrams taken from Charbonnel et al. (1993) . derive log(L/L ⊙ ), M/M ⊙ , and R/R ⊙ for Be stars. These parameters are given in Table 9 . After correction for rapid rotation, Be stars globally shift in the HR diagram towards lower luminosity and higher temperature, as illustrated in Fig.5 . It clearly demonstrates that Be stars are less evolved than their apparent fundamental parameters could indicate.
Spectroscopic binaries
The determination of fundamental parameters was undertaken for 15 spectroscopic binaries that show a single line spectrum (SB1, see Table 2 in Paper I). However, since we usually obtained only one spectrum for each suspected SB1 binary, the influence of the secondary component on the spectrum is not known. Results are given in Table 6 . We note a fair agreement between spectral classifications derived from fundamental parameters and from the equivalent width of the Hγ and He I 4471 lines, except for one star (MHF91603). The mean Vsin i for these binaries is 100 km s −1 .
Characteristics of the sample
To characterize the sample of stars, we study the distribution in spectral types, luminosity classes and masses for stars in clus- ters and in the field. These results are presented in the following subsections.
O-B-A stars
We present in Fig. 6 the distribution of O-B-A stars with respect to spectral type and luminosity class. The classification used here is the one obtained from the fundamental parameters determination. Fig. 6 indicates that the B stars in the sample are essentially early B-type stars (B0 to B3) and are mainly dwarfs (class V), in the field as well as in clusters.
Be stars
As in Sect. 4.5.1, we present the distribution of Be stars with respect to luminosity class and spectral type. Again the classification used here is the one obtained from the fundamental parameters determination. We also compare the distribution obtained before and after correction of fast rotation effects. Fig. 7 shows that Be stars after fast rotation treatment appear less evolved than apparent parameters would suggest: some stars in classes III and IV are redistributed in classes IV and V, but about 60% of the Be stars still appear as giants and subgiants. Fig. 8 presents the distribution in spectral types for Be stars before and after fast rotation treatment. The stars corrected for rotation effects appear hotter than apparent fundamental parameters would suggest. In particular there are more B1 types. Nevertheless, in both distributions the sample is composed of early-type stars (B0 to B3).
Masses
In addition, we investigate the mass distribution of B and Be stars (Fig. 9) . The sample shows a distribution peaking around 7 and 10 M ⊙ for B and Be stars, respectively. Among the stars with M ≤ 9 M ⊙ 18% are Be stars, whereas among the stars with M > 9 M ⊙ 62% are Be stars. This is probably due to a bias effect in the target selection procedure, since the sample includes 61% of Be stars among stars brighter than V=15.
Rotational velocity and metallicity: results and discussion
In the following subsections, we first give some preliminary remarks about the study by Gies & Huang (2004) on B-type stars in clusters of the Milky Way (MW), which are used as a central thread in our study. Then we summarize results on Vsin i we obtained for B and Be stars in the LMC. Finally, we compare these results with previous studies in the LMC and in the MW, and we discuss the effect of age and metallicity on rotational velocity. Gies & Huang (2004, hereafter GH04) studied the link between rotational velocity and age in clusters of the MW. They noted a good agreement for the rotational velocity between data and predictions by for a 12 M ⊙ star and for clusters with log(t) ≤ 7. However, clusters with log(t) > 7 seem to rotate faster than predicted. According to GH04, there could be several explanations: binarity, initial spin rates, and rotational velocity dependence on mass. For log(t) ≤ 7 the mean fraction of binaries calculated from the fraction given by GH04 for each cluster is S B all = 15%, whereas for log(t) > 7, S B all = 19%. Therefore, binaries do not seem to be at the origin of the difference in rotational velocity.
Ages, Vsin i, and Be stars
As GH04 merged B and Be stars in their sample and as Be stars are fast rotators, a possible explanation of the differences in rotational velocity may be the proportion of Be stars in the clusters. We therefore searched in the WEBDA database 1 for the amount of Be stars in the clusters studied by GH04 and calculated the average percentages of Be stars for clusters younger Table 7 . Fundamental parameters of Be stars in the observed sample. Col. 1 gives the name of the star. Coordinates (α(2000 Coordinates (α( ), δ(2000 ) are given in col. 2 and 3. The instrumental V magnitude and instrumental (B-V) colour index are given in col. 4 and 5. The S/N ratio is given in col. 6. Col. from 7 to 10 give the apparent T or older than log(t) = 7 in their sample. We obtained that for log(t) ≤ 7 the fraction of Be stars is Be all = 4.8%, whereas for log(t) > 7, Be all = 22%.Thus, the high proportion of Be stars in the clusters with log(t) > 7 and their high rotational velocities may explain the discrepancy between the observed and predicted Vsin i for a 12 M ⊙ star of the same clusters. The high proportion of Be stars found in clusters with log(t) > 7 is also in agreement with results by Fabregat & Torrejón (2000) , who found that Be stars reached the maximun abundance between 13 and 25 Myr.
Another explanation is related to the mass function of the sample stars of GH04. They used the prediction in rotational velocity across the main sequence for a 12 M ⊙ . However, the behaviour in Vsin i during evolution is not identical for a 12 M ⊙ Table 9 . Apparent parameters log(L/L ⊙ ), M/M ⊙ , and R/R ⊙ interpolated or calculated for the sample of Be stars from HR diagrams taken from Charbonnel et al. (1993) . and a 7 M ⊙ star. In the latter case, following , the mass loss is much weaker than for massive stars (M ≥ 10 M ⊙ ) and the evolutionary track presents an increase of velocity instead of a decrease. This may explain why B-type stars are more likely to increase their rotational velocity during their MS life than the more massive O-type stars.
Results for the LMC and comparison with the MW
In the following sub-sections we compare the obtained apparent fundamental parameters to previous studies, which generally did not take fast rotation effects into account in the determination of fundamental parameters.
For all stars in the LMC stellar sample studied in this paper, we find the following mean Vsin i (in km s −1 ) for B and Be stars in the field and clusters, where the given errors are the mean errors and the number in brackets is the number of stars used in the average: Be f ield+clusters : Vsin i = 272 ±20 (47), B f ield+clusters : Vsin i = 119 ±20 (106) Be f ield :
Vsin i = 268 ±20 (27), B f ield :
Vsin i = 117 ±20 (93), (B+Be) clusters : Vsin i = 223 ±20 (33), Be clusters :
Vsin i = 278 ±20 (20), B clusters :
Vsin i = 140 ±20 (13). These mean Vsin i values cannot be compared directly with values in the MW, because they are affected by ages and evolution, mass function of samples, etc. We must therefore select B and Be stars in the same range of spectral types and luminosity classes or of masses (when they are known) and ages for samples in the LMC and in the MW. Then, to investigate the effect of metallicity and age on the rotational velocity, we first compare the mean Vsin i of the B and Be stars in the LMC to the ones in the MW.
We calculate rotational velocities evolutionary tracks for different initial velocities and for a 7 M ⊙ star, which corresponds to the maximum of the mass function for the B-type stars sample. We have obtained these curves by interpolation thanks to the Figure 5 published in Meynet & Maeder (2002) for the tracks of a 7 M ⊙ with an initial velocity at the ZAMS=300 km s −1 . And we have used the Figure 12 published in , and more particularly the Figure  5 from Maeder & Meynet (2001) in order to obtain tracks for different initial rotational velocities (V0=100, 200, 300, 400, 500 km s −1 ). The use of tracks with a metallicity Z=0.00001 for a 7 M ⊙ is justified because the tracks for a star with 9 M ⊙ at metallicity Z=0.004 or Z=0.00001 are quasi identical, then we expect that the tracks for a 7 M ⊙ are identical at Z=0.00001 and at Z=0.004.
Let us note that due to fast internal angular momentum redistribution in the first ≃ 10 4 years in the ZAMS, the surface rotational velocities decrease 0.8 times their initial value. Then, for the comparison sake with our observational data, the values plotted are not V but are average Vsin i= (π/4)V (see eq. 1). For example, for an initial rotational velocity equals to 300 km s −1 , the angular momentum redistribution leads roughly to V ZAMS = 240 km s −1 , which corresponds to Vsin i= (π/4)×240 ≃ 190 km s −1 . The curves are only slightly affected by mass loss effects. Due to the low metallicity LMC environment, the mass-loss dependent effects are even less noticeable. Keller (2004) 112 ± 50 (51) 146 ± 50 (49) MW Glebocki et al. (2000) 124 ± 10 (449) 204 ± 20 (48) MW Levato et al. (2004) 108 ± 10 (150) MW Yudin (2001) 207 ± 30 (254) MW Chauville et al. (2001) 231 ± 20 (56) MW WEBDA log(t) < 7 127 ± 20 (44) 199 ± 20 (8) MW WEBDA log(t) > 7 149 ± 20 (59) 208 ± 20 (45) Table 11 . Results of the Student's t-test comparisons of the mean rotational velocities for B and Be stars with spectral types B1-B3 and luminosity classes from V to III in the LMC and the MW. The first column gives the compared studies, the 2nd column gives the result of the test, the 3rd column gives the α coefficient and the 4th column gives the probability of differences 'P'. The last column gives a comment about the result according to the convention. The comment "limit" means that the number of stars in samples is low and the value of mean Vsin i may be affected by the distribution of the inclination angles.
Comparison result α P comment Be Be LMC field/ Be MW Glebocki et al. (2000) 10.81 0.05 90-95 % significant difference Be LMC field/ Be MW Yudin (2001) 9.84 0.05 90-95% significant difference Be LMC field/ Be MW Chauville et al. (2001) 6.52 0.05 90-95% significant difference Be LMC clusters/ Be MW WEBDA log(t) < 7 5.58 0.1 80-90 % limit, slight difference Be LMC clusters/ Be MW WEBDA log(t) > 7 8.91 0.05 90-95% significant difference Be MW WEBDA log(t) < 7/ Be MW WEBDA log(t) > 7 1.15 0.3 50-70% limit, no significant difference B B LMC field/ B LMC field Keller (2004) 1.56 0.3 50-70% no significant difference B LMC field/ B MW Glebocki et al. (2000) 2.48 0.2 70-80% no significant difference B LMC field/B MW Levato et al. (2004) 9.4 0.05 90-95% significant difference B LMC clusters/ B LMC clusters Keller (2004) 0.12 0.9 <10% limit, no difference B LMC clusters/ B MW WEBDA log(t) < 7 2.38 0.2 70-80% limit, no significant difference B LMC clusters/B MW WEBDA log(t) > 7 0.72 0.5 10-50 % limit, no difference B MW WEBDA log(t) < 7/B MW WEBDA log(t) > 7 In the present work, the purpose of these curves is only to give a rough interpretation of the behavior observed of <Vsin i>.
We determine the ages of stars of the field and of several clusters or associations in our observations. For this purpose, we use HR evolutionary tracks (for non-rotating stars) for the stars of the sample unaffected by rapid rotation and for Be stars corrected for the effects of fast rotation with Ω/Ω c = 85%. For the cluster NGC 2004, we obtain log(t) = 7.40, which is close to the value obtained in previous studies: log(t) = 7.30 (Keller 1999 ) and 7.40 (Maeder et al. 1999 ). This comparison validates our method to determine ages for clusters.
Field B and Be stars
The mean Vsin i obtained for B stars in the field of the LMC closely agrees with Keller's (2004) results in the same age range (see Table 10 and Fig. 10, upper panel) . To compare the rotational velocity of B stars in the LMC with the MW, we use the studies of Levato & Grosso (2004) and Glebocki & Stawikowski (2000) . In these studies, we select stars with spectral types ranging from B1 to B3 and luminosity classes from V to III, because ages and masses were not determined. To compare the rotational velocity of Be stars in the LMC with the MW, we use Chauville et al. (2001) , Glebocki & Stawikowski (2000) and Yudin (2001) with the same selection criteria as for B stars. The comparison of Vsin i in the LMC and the MW for B and Be stars in the field is presented in Table 10 and Fig. 10 , upper panel. The range of stellar ages is reported as the dispersion in age in the figure. For samples with an unknown age, we adopt as error bar the duration of the Main Sequence for a 7 M ⊙ star, which overestimates the age uncertainty. The curves in Fig. 10 , upper panel, show the evolutionary tracks of rotational velocity during the Main Sequence for different initial velocity for a 7 M ⊙ star, which corresponds to the maximum of the mass function of the B-stars sample.
In order to know if the samples contain a sufficient number of elements for the statistic to be relevant and give an average Vsin i not biased by inclination effects, we calculate averages for samples with different number of elements. The deviation of the averages gives the statistical error. If this statistical error is smaller than the error on the data, the value determined for the data is statistically significant and does not represent an effect of inclination. Thanks to this test, we find that our samples in the LMC and in the MW are statistically significant even in the cases when the number of stars does not exceed 10. For example, in Table 10 , we have found no difference between the cluster B stars (Vsin i=144 km s −1 , 10 stars) following our results and according to Keller (2004) (Vsin i=146 km s −1 , 49 stars).
We complete the statistical studies by a Student's t-test (see Table 11 ) in order to know whether the differences observed in the samples are significant. The Student test gives: (i) for field B stars: There is no significant difference between the LMC studies carried-on in this paper and Keller's (2004) . The test further gives no significant difference between LMC and MW studies, when the data used for the MW are those of Glebocki & Stawikowski (2000) . There are, however, significant differences when the comparison is based on data taken from Levato & Grosso (2004) . It is therefore difficult to conclude whether B stars have similar rotational velocities in the LMC and the MW fields.
(ii) for field Be stars: A significant difference between studies in the LMC (this paper) and the MW. Field Be stars in the LMC have a rotational velocity higher than in the MW.
B and Be stars in clusters
As for B stars in the field, we find that the mean Vsin i of B stars in the LMC clusters (log(t) > 7) determined from our observations closely agrees with Keller's (2004) results (see Table 10 and Fig. 10, lower panel) . In the MW, we selected young clusters with log(t) < 8 (some of them were observed by GH04) in the WEBDA database for which published Vsin i and MK classification exist. We distinguish two groups: the younger clusters with log(t) < 7 and older clusters with log(t) > 7. The results concerning B stars in the LMC clusters and MW Be stars with log(t) < 7 must be taken cautiously. In fact, the samples are not numerous enough to have the inclination angle effects, in Vsin i averages, entirely removed so as to reflect the ¡V¿-dependent information properly. For the stars in these clusters, the Student's t-test (see Table 11 ) gives: (i) for B stars: A slight difference between younger (log(t) < 7) and older (log(t) > 7) clusters in the MW, which may be explained by the effect of evolution on rotational velocity, but no significant difference between the LMC and the MW clusters with log(t) > 7. B stars in the LMC and MW clusters seem to have a similar rotational velocity when intervals of similar ages are compared.
(ii) for Be stars: A significant difference between the LMC and the MW clusters. Be stars in the LMC clusters have a rotational velocity higher than in the MW clusters. However, the number of Be stars observed in LMC clusters, as well as the number of Be stars identified in young MW clusters, is poor and may affect the statistics. 
Comparison between field and clusters
Results on rotational velocity of B and Be stars in the field and clusters presented in Sect. 5.2.1 and 5.2.2 (see also Table 10  and Table 11 ) lead to the following conclusions: (i) According to , the lower the massloss in massive stars is, the lower the metallicity is. We can the expect that stars in low-metallicity regions may lose less angular momentum and then better preserve the initial high rotational rates. Such a metallicity effect seems to be present in Be stars, as we see that they rotate faster in the field and clusters of the LMC than in the MW. However, we were not able to detect such an effect in B stars.
(ii) Be stars rotate more rapidly than B stars in the field as well as in clusters, in the LMC, and the MW. Be stars would begin their life on the MS with an initial rotational velocity higher than the one of B stars. The lower the metallicity environment is, the higher the initial rotational velocity of Be stars would be. Moreover, we note that these objects would require an initial rotational velocity of at least ∼250 km s −1 . (iii) No significant differences can be found between the rotational velocity of field and cluster Be stars, neither in the LMC nor in the MW. (iv) No significant differences can be found between rotational velocities of young field and cluster B stars in the LMC and in the MW. However, there is a significant difference between the rotational velocity of older field and cluster B stars in the MW. This fact can be explained in terms of evolution of rotational velocities.
Be stars: mass and rotation
The number of Be stars is too low to make a statistical study by mass range on Vsin i in clusters and in the field of the LMC separately. As mentioned in the previous section, we did not find significant differences in mean Vsin i values for Be stars between clusters and the field. Therefore we compare Be stars only by intervals of mass, regardless of their location. (i) for 5 < M < 10M ⊙ , the sub-sample contains 21 stars. The determined mean parameters are: < M > = 7.7 M ⊙ , < R > = 5.8 R ⊙ , and <Vsin i> = 285 km s −1 , which correspond to a mean ratio Ω/Ω c ≃ 85% ± 9 % (ii) for 10 < M < 12M ⊙ , the sub-sample contains 13 stars. The determined mean parameters are: < M > = 11.0 M ⊙ , < R > = 9.3 R ⊙ , and <Vsin i> = 259 km s −1 , which correspond to a mean ratio Ω/Ω c ≃ 83% ± 9 %; (iii) for 18 > M > 12M ⊙ , the sub-sample contains 10 stars. The determined mean parameters are: < M > = 14.6 M ⊙ close to 15 M ⊙ , < R > = 12.7 R ⊙ , and <Vsin i> = 224km s −1 , which correspond to a mean ratio Ω/Ω c ≃ 73% ± 9 %.
These results are plotted in Fig. 11 and compared to the theoretical evolutionary tracks for a 7 and 15 M ⊙ star for different values of initial rotational velocity (Maeder & Meynet 2001) . These curves can be considered as envelopes of evolutionary tracks of our sample of Be stars in the LMC. This figure shows that stars follow the theoretical rotational velocity evolution in a low metallicity environment: the mean Vsin i decreases as the mass increases. This trend can be explained by a difference in mass loss between massive and less massive stars.
Star formation conditions and magnetic field
According to Stepién (2002) , the sufficient condition for a star to rotate rapidly on the ZAMS is the presence of a weak or moderate stellar magnetic field and the existence of an accretion disk for at least 10% of its pre-Main Sequence (PMS) phase. The magnetic field and its interactions with the disk or wind and other phenomena such as accretion have an impact on rotational velocity during the PMS and affect the initial rotational velocity (spin down for strong values of magnetic field) in the Main Sequence (MS). For stars in the MW, the progenitors of all Be stars would possess a fossil magnetic field with a surface intensity between 40 and 400 G and, due to the short PMS phase for the early types, they would conserve their strong rotational velocity during the MS. On the opposite, stars with a magnetic field stronger than 400 G would become slowly rotating magnetic B stars. In the LMC and other environments of low metallicity, the magnetic field has less braking impact on the velocity as explained by Penny et al. (2004) due to the lower abundances of metals. It may explain why Be stars in the LMC can rotate initially with higher velocities than in the MW, as shown in Fig. 10 , upper panel. Note that a weak magnetic field is suspected in the classical Be star ω Ori (Neiner et al. 2003 ).
Evolutionary status of Be stars in the LMC
Using the same approach as the one described by Zorec et al. (2005) , we studied the evolutionary status of the LMC Be stars in our sample. We used evolutionary tracks with an initial velocity V 0 = 300 km s −1 provided by . These evolutionary tracks for rotating stars are only available for stars in the MW. They show a slight shift towards lower temperatures and an extension of the time a star may spend on the MS (τ MS ), compared to evolutionary tracks of non-rotating stars. Therefore, a star placed in a HR diagram for non-rotating stars has a different age (τ) and a different evolutionary status τ τ MS than if it would be placed in an HR diagram for rotating stars. Fig. 12 shows the evolutionary status of Be stars in the sample. It appears that more massive Be stars in our sample in the LMC seem to be evolved, since they are localized mainly in the second part of the MS. Contrary to previous similar studies (Zorec et al. 2005 , Frémat et al. 2005 , in our Be star sample, massive stars (M > ∼ 10M ⊙ ) by the end of the MS evolutionary phase represent a high fraction of the total number of the studied stars (60%). The distribution obtained cannot correspond only to differences in the mass-dependent evolutionary sampling, but it could reflect some star formation history in the region: stars with M > ∼ 10M ⊙ in τ/τ MS > ∼ 0.5 have an average age <τ>∼ (1.5 ± 0.4) × 10 7 yr, stars with M < ∼ 10M ⊙ in τ/τ MS > ∼ 0.5 have <τ>∼ (2.9 ± 0.2) × 10 8 yr, while those with M < ∼ 10M ⊙ and τ/τ MS < ∼ 0.5 have <τ>∼ (0.7 ± 0.6) × 10 7 yr. The observed trend is only indicative, because evolutionary tracks for massive stars are mass loss dependent and the initial rotational velocities of Be stars are higher than 300 km s −1 . Nevertheless, according to Zorec et al. (2005) , changes of initial velocities from V 0 = 300 km s −1 to higher values do not seem to strongly affect evolutionary tracks.
However, several Be stars with lower mass seem to be close to the ZAMS, which is inconsistent with the assumption that the Be star phenomenon occurs preferentially in the second half of the MS life. Those objects, for which spectra were mostly obtained with low S/N ratio, need to be reobserved to clearly confirm their fundamental parameters.
Conclusions
With the VLT-GIRAFFE spectrograph, we obtained spectra of a large sample of B and Be stars in the LMC-NGC 2004 and in its surrounding field. We determined fundamental parameters for B stars in the sample, and apparent and parent nonrotating counterpart (pnrc) fundamental parameters for fast rotators such as Be stars.
From the Vsin i study for B and Be stars in the LMC and its comparison with the MW, we conclude that Be stars begin their life on the MS with a stronger initial velocity than B stars. Moreover, this initial velocity is sensitive to the metallicity. Consequently, only a fraction of B stars can become Be stars. This result may explain the differences in the proportion of Be stars in clusters with similar age.
Our results support Stepien's scenario (2002): massive stars with a weak or moderate magnetic field and with an accretion disk during at least 10% of their PMS lifetime would reach the ZAMS with sufficiently high initial rotational velocity to become Be stars.
We find no clear influence of the metallicity on rotational velocity in B-type stars. The low metallicity may favour the PMS evolution of high velocity stars by minimizing the braking due to magnetic field interactions with the disk, but the influence of metallicity during the life of B-type stars in the MS is not preponderant. As Be stars are not critical rotators, an additional process, such as magnetic field by transfering momentum to the surface or non-radial pulsations (see Rivinius et al. 1998) , must provide additional angular momentum to eject material from the star.
The effects of metallicity, the star formation conditions and the evolutionary status of B and Be stars discussed in this paper will be investigated in a forthcoming paper in the Small Magellanic Cloud, which has a lower metallicity than the Large Magellanic Cloud, in order to enlarge the results presented here. 
